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Summary. The fluorescence characteristics (lifetime, exci-
tation and emission spectra) of aqueous solutions of Eu(III)
containing various supporting electrolytes such as HCl, NaCl,
LiCl, CsCl, MgCl2, HClO4 and NaClO4 have been measured.
The observed lifetime variations cannot be properly described
neither through the hydration sphere phenomenological ap-
proach nor through a Stern–Volmer relationship. Long-range
interactions between the excited ion and solvent molecules, in
addition to an outer-sphere complexation with the anions, are
proposed to account for the observed variations.
Introduction
The luminescence lifetime of excited lanthanide ions and
complexes ranges from microseconds (e.g. Yb, Nd) to mil-
liseconds (e.g. Eu and Tb). Such a relatively long-lived
emission is an attractive feature from an analytical view-
point, as it allows the implementation of time-gating pro-
cedures so that the lanthanide luminescence is readily dis-
tinguished from the shorter-lived (sub-microseconds) back-
ground present in most of the biological and analytical sys-
tems. The two longest lived and most commonly studied
emitting lanthanide ions are Eu(III) and Tb(III), which pos-
sess luminescent 5D0 and 5D4 excited states with energies
around 17 200 and 20 500 cm−1, respectively [1]. As the lu-
minescent properties of Eu(III) cations in solution are sensi-
tive, among other parameters, to the first coordination sphere
(containing up to 8 or 9 water molecules) [2], luminescence
techniques have become important tools for studying the
chemistry of Eu(III) ions [1–9].
Among the various ligands of interest, the identification
of chloride complexes of trivalent actinides (An3+) and lan-
thanides (Ln3+) has been the subject of numerous investiga-
tions [10–15] because of their importance in actinide sepa-
rations and in processing chemistry. The nature of the com-
plexes, however, could often not be identified because non-
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spectroscopic methods such as ion exchange and solvent
extraction are unable to distinguish between inner-sphere
and outer-sphere (solvent-separated ion pair) complexation.
Apart from the complexation with inorganic ligands, lan-
thanide ions are also known to form aquo-complexes in solu-
tion. Hydration numbers of lanthanide aquo-ions have been
repeatedly determined with Time-Resolved Laser-induced
Fluorescence Spectroscopy (TRLFS). An empirical linear
correlation was employed which relates the reciprocal of the
excited-state lifetime (i.e. the decay constant, kobs) with the
number of water molecules in the first coordination sphere,
NH2O [1]. In the case of strong ligands that form inner-sphere
complexes (especially organic ones), it has been shown that
this correlation is not readily applicable [16, 17]. However,
the relation might be still reliable in the case of weak lig-
ands, possibly forming only outer-sphere complexes, such as
perchlorate or choride salts.
To gain a better understanding of the influence of an-
ions and cations on the luminescence, and on the links be-
tween coordination (inner or outer) and the hydration sphere
number, we measured lifetimes as well as excitation and
emission spectra of aqueous solutions of Eu(III) contain-
ing various supporting electrolytes such as HCl, NaCl, LiCl,
CsCl, MgCl2, HClO4 and NaClO4.
Experimental section
Chemicals and reagents
EuCl3 ·6H2O (99.99%) and Eu2O3 (99.99%) were obtained
from Aldrich and Alfa Aesar, respectively. NaCl (optical
grade, 99.99%), LiCl (99.99%), CsCl (99.99%), MgCl2
(99.99%), HClO4 (70% in water, double distilled) were pur-
chased from Aldrich. Eu(ClO4)3 ·nH2O was prepared by
dissolving Eu2O3 into a slightly less than stoichiometric
amount of perchloric acid. The mixture was heated for
48 hours at 70 ◦C until the pH became weakly acidic. The
solution was slowly evaporated in vacuum and the result-
ing hydrated europium perchlorate was used without fur-
ther purification [2]. CAUTION: perchlorate salts combined
with organic ligands are potentially explosive and should
be handled in small quantity and with the necessary pre-
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cautions [18]. The europium(III) stock solutions were pre-
pared immediately before use from freshly boiled bidis-
tilled water saturated with argon. An aliquot of the stock
solution was acidified under pH = 4 by addition of sul-
furic acid (Carlo Erba 96%) in order to avoid hydroxyde
precipitation and then titrated by Titriplex III (Merck,
0.1 M) with an ammonium acetate buffer and xylene or-
ange as an indicator [19]. The derived europium concentra-
tion was 4.85×10−2 M and was kept constant for all the
experiments.
Luminescence measurements
The concentration of the various electrolytes was varied in
a large range, up to the solubility limit of all the salts used
in this work. In order to correctly assess the uncertainty of
the measurements, for a given type of solution (e.g. HCl), at
least two different stock solutions were prepared and used
alternatively to prepare the samples to be measured. The de-
rived uncertainties are reported in Table 1.
Electrolyte [L] τEu (3σ) Electrolyte [L] τEu (3σ)
M µs M µs
HCl 0.01 111.7(8) LiCl 0.98 111.2(3)
0.10 111.6(2) +0.2 M HCl 1.95 110.8(4)
0.26 111.4(2) 2.92 110.4(2)
0.31 111.5(3) 3.90 110.1(3)
0.51 111.3(2) 4.87 109.8(5)
0.61 111.4(2)
0.77 111.2(3) CsCl 0.49 111.6(4)
0.87 111.2(3) +0.1 M HCl 0.97 111.6(4)
1.02 111.1(5) 1.46 111.7(4)
1.53 110.9(3) 1.95 111.9(4)
2.05 110.7(1) 2.44 112.1(5)
2.56 110.3(2) 2.93 112.3(2)
3.07 110.2(3) 3.41 112.6(2)
3.58 110.0(3)
4.09 109.7(3)
4.60 109.6(3) 0.50 111.3(1)
5.12 109.4(3) MgCl2 0.75 111.1(3)
5.63 109.3(4) +0.1 M HCl 1.00 110.8(3)
6.14 109.2(3) 1.25 110.5(3)
8.12 110.1(3) 1.50 110.5(3)
2.00 110.0(2)
HClO4 0.01 111.1(3) 2.50 109.4(4)
0.10 110.9(4)
0.51 109.9(2) 0.39 110.2(1)
1.03 109.0(4) 0.785 109.5(3)
1.54 108.1(3) NaClO4 1.57 108.2(5)
2.05 107.1(4) +0.005 M 2.35 106.8(3)
2.56 106.0(3) HClO4 3.14 105.3(4)
3.08 105.0(1) 3.53 104.4(2)
3.59 103.6(3)
4.10 102.4(1)
4.62 100.8(2) 0.22 109.9(3)
5.13 99.3(3) 0.65 109.2(5)
NaClO4 1.1 108.4(4)
0.415 111.5(3) +0.375 M 1.53 107.6(2)
NaCl 0.835 111.3(4) HClO4 1.96 106.8(2)
+0.01 M HCl 1.25 111.2(4)
1.665 111.1(4)
2.085 111.0(4)
2.50 110.9(5)
Table 1. Effect of addition of electrolyte
on the luminescence lifetime of Eu(III)
in aqueous solutions of Eu(ClO4)3 and
EuCl3. T = 25±0.2 ◦C.
Metal-centred excitation and emission spectra were
recorded on a Perkin-Elmer LS-50B spectrophotometer fit-
ted with a HAAKE-FJ thermostat, which insured a fixed
temperature of 25±0.2 ◦C. The source was a pulsed xenon
flash lamp with a pulsewidth at half peak height < 10µs
and a power equivalent to 20 kW. Flashes were pro-
duced with a 20 ms cycle time. The excitation wavelength
was (394± 1) nm, overlapping with the Eu(III) 7F0 →
5L6 transition. The emission from the lowest lumines-
cent level to the ground state manifold (i.e., 5D0 → 7F1
(592 nm)) for Eu(III) was used to obtain the lumines-
cence lifetime. The luminescence decay observed versus
time was best fitted with a mono-exponential function.
The corresponding lifetimes were determined by aver-
aging at least 3 independent measurements of the same
sample.
The delayed fluorescence spectrophotometric data were
processed by the SPECFIT software, which uses a global an-
alysis system with expanded factor analysis and Marquardt
least-squares minimisation [20–22] and leads to the asso-
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ciation constants of the various species as well as to the
corresponding emission spectra.
Results
The experimental results comprise excitation and emission
spectra, together with lifetime determinations. They are dis-
cussed separately for the effects of anions and cations.
Effects of anions ( Cl−, ClO4−)
Figs. 1 and 2 display the excitation spectra for various HCl
and HClO4 concentrations, respectively, obtained by record-
ing the Eu(III) emission at (615± 1) nm. Figs. 3 and 4
present the corresponding emission spectra (from excitation
at (394± 1) nm). Fig. 5 shows the variation of the Eu(III)
lifetime for a concentration of HCl from 10−2 M to 8 M
and a concentration of HClO4 from 10−2 M to 5 M. In both
cases, the lifetimes significantly decrease as a function of the
ionic strength within the experimental uncertainties (3σ , see
Table 1).
Both the excitation and emission spectra in HCl are sen-
sitive to the total amount of acid added (Figs. 1 and 3). The
general trend in the emission spectra is an increase of all
Fig. 1. Excitation spectra (emission at 615±1 nm) of EuCl3 in HCl so-
lution 10−2 –8 M. Spectrum 1, [HCl] = 10−2 M; Spectrum 2, [HCl] =
8.12 M. T = 25±0.2 ◦C.
Fig. 2. Excitation spectra (emission at 615±1 nm) of Eu(ClO4)3 in
HClO4 solution 10−2–5 M. Spectrum 1, [HClO4] = 10−2 M; Spec-
trum 2, [HClO4] = 5 M. T = 25±0.2 ◦C.
the observed transitions 5Di → 7Fj (i = 0, 1; j = 1–2, 4) as
a function of the HCl concentration. The increase is more
pronounced for the hypersensitive 5D0 → 7F2 transition. In
contrast, the excitation and emission spectra for HClO4 are
not strongly affected by the addition of large amounts of
HClO4. The distortions in the excitation and emission spec-
tra above 6 M HCl (Figs. 1 and 3) and 4 M HClO4 (Figs. 2
and 4) are strong indications of europium precipitation. This
Fig. 3. Emission spectra (excitation at 394±1 nm) of EuCl3 in HCl so-
lution 10−2–8 M. Spectrum 1, [HCl] = 10−2 M; Spectrum 2, [HCl] =
8 M. T = 25±0.2 ◦C.
Fig. 4. Emission spectra (excitation at 394±1 nm) of Eu(ClO4)3 in
HClO4 solution 10−2 –5 M. Spectrum 1, [HClO4] = 10−2 M; Spec-
trum 2, [HClO4] = 5 M. T = 25±0.2 ◦C.
Fig. 5. Plots of the excited 5D0 (Eu(III)) lifetime τ (µs) versus elec-
trolyte concentration HX (X= Cl for hydrochloric acid and= ClO4 for
perchloric acid). T = 25±0.2 ◦C.
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is in line with the increase in lifetime (see Fig. 5, above 6 M
HCl) and the observed diffusion of laser light in the solu-
tion. Hence, these values will not be considered further in
the discussion. For the lifetimes as a function of the total
amount of acid added, in contrast, the variation is larger
in the presence of ClO4− as compared to Cl− (see Fig. 5).
The lifetime of the 5D0 (Eu(III)) excited state ranges from
111.7 µs for HCl (0.01 M) to 109.2 µs for HCl (6.14 M)
(Table 1). The lifetime of the 5D0 (Eu(III)) excited state
ranges from 111.1 µs for HClO4 (0.01 M) to 99.3 µs for
HClO4 (5.13 M). The lifetime variations are in good agree-
ment with previous determinations done by Barthelemy and
Choppin [6].
From these results, it can be seen that addition of in-
creasing amounts of different anions (Cl− or ClO4−) has
a noticeable and specific impact onto Eu(III) excitation and
emission spectra and lifetimes.
Effects of cations ( H+, Li+, Na+, Cs+, Mg2+)
To gain more information on cation-dependent interac-
tions, different monovalent and divalent cations associated
with chloride or perchlorate counter-anions were studied at
a fixed pH value.
For two values of the HClO4 concentration ([HClO4] =
5×10−3 M and [HClO4] = 0.375 M, respectively), increas-
ing amounts of NaClO4 have been added to the solutions.
For a fixed value of the HCl concentration (see Table 1)
increasing amounts of LiCl, NaCl, CsCl and MgCl2 have
been added. An increase of all the Eu(III) emissions is ob-
served when the concentration of chloride increases (spectra
not shown). The lifetime values are given in Table 1. Within
the uncertainties (reported in Table 1), the lifetimes vary
smoothly as a function of the ionic strength.
Figs. 6 (perchlorate media) and 7 (chloride media) show
the lifetime variations as a function of the ionic strength,
which is mainly governed by the concentration of the added
salt (MgCl2, for example) but also depends on the concen-
tration of the acid. Note that the constant contribution to the
ionic strength due to the europium salt (equal to 0.291 M)
has not been taken into account in the figures (Figs. 5–7).
Therefore, in Fig. 5, the total ionic strength considered is
strictly equal to the acid concentration.
Fig. 6. Plots of the excited state 5D0 (Eu(III)) lifetime τ (µs) ver-
sus ionic strength: (+) HClO4 alone ( ) various amounts of NaClO4,
together with [HClO4] = 0.005 M ( ) various amounts of NaClO4, to-
gether with [HClO4] = 0.375 M. T = 25±0.2 ◦C.
Fig. 7. Plots of the excited state 5D0 (Eu(III)) lifetime τ (µs) for vari-
ous electrolytes in chloride media. T = 25±0.2 ◦C.
The results displayed in Fig. 6 show that in the presence
of perchlorate ions, H+ and Na+ have almost the same ef-
fect on the lifetime whatever the ionic strength. In contrast,
in chloride media, the replacement of H+ by Na+ leads to
slight changes in the observed lifetime, which appear to be
more pronounced at high ionic strength (see Fig. 7). Finally,
the replacement of H+ by other cations (Mg2+, Li+ or Cs+)
significantly affects the lifetime (Fig. 7). An increase of the
concentrations of Li+ and Mg2+ induces a decrease of the
corresponding lifetimes, while Cs+ leads to an increase.
The ability of cations to decrease the observed lifetimes
in chloride media diminishes in the following order:
H+ ≈ Li+ > Na+ ≈Mg2+  Cs+ .
In summary, the observed lifetime is approximately con-
stant at ≈ 111.5 µs for all the salts at low ionic strength.
At higher values, however, the measured lifetimes signifi-
cantly depend on the nature and total concentration of the
added salt. Similar salt effects on lifetimes have been re-
ported for other fluorescent lanthanides [23] and also for
UO22+ [24, 25]. It thus appears to be a general phenomenon.
Discussion
Actually, an important question of (ground state) coordi-
nation chemistry of lanthanides is whether a metal-ligand
complex involves inner- or outer-sphere interaction. Com-
plexation reactions are assumed to follow the Eigen–Wilkins
mechanism, involving an initial diffusion-controlled forma-
tion of an outer-sphere intermediate [26–28]. A second rate-
limiting step corresponds to the desolvation of the cation and
leads to the inner-sphere complex:
Outer-sphere complexation:
[Ln(S)]3+ +[L(s)]− [Ln(S)L]2+ + s .
Inner-sphere complexation:
[Ln(S)L]2+ [LnL]2++S .
S and s are respectively related to the solvation of the lan-
thanide cation and of the negatively charged ligand.
If the system does not proceed to the second step, com-
plexation results in an outer-sphere complex. To conclude,
formation of an inner-sphere complex causes a decrease in
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the number of water molecules coordinated to the Ln(III)
ion while formation of an outer-sphere complex leaves the
primary coordination sphere intact.
In the following, before examining possible reasons to
explain the observed effects on the lifetimes, it is neces-
sary to gather information obtained by other techniques on
these systems. Usually, Cl− and ClO4−, as well as Br−, I−,
NO3− and trichloroacetate counter-anions are considered to
only form outer-sphere complexes, even in highly concen-
trated solutions [29]. Note, however, that EXAFS results
on the complexation of lanthanides by chloride anions in
aqueous solution seem to indicate an inner-sphere Cl− com-
plexation with Eu(III) above 3 M LiCl [11]. In contrast, F−,
OH−, SO42−, IO3−, CO32− and acetate lead to a predomin-
antly inner-sphere character [30]. Finally, an “anomalous”
increase in the Eu(III) hydration number with increasing
concentration of various salts has been reported from exci-
tation spectroscopy [31] and Raman measurements [32, 33]
(in the last study, particular interest was focussed on HCl,
LiCl and CsCl).
Hence, no definite answer has yet been obtained by
EXAFS or Raman on how the number of water molecules
in the first hydration sphere evolves as a function of the
concentration of perchlorate and chloride salt added. Con-
sidering the impact of the salt added onto the spectroscopic
data (excitation, emission and lifetimes, this work) one can
speculate that the present measurements may give some in-
sight into this question.
In the following, we first discuss the various explanations
that have been proposed in order to describe the lifetime
variations. It appears that none of these is able to describe
correctly the whole set of data of this work. A short discus-
sion gives some indications on the possible reasons of this
fact. Finally, we propose some route of investigation of all
the present fluorescence data, although a comprehensive the-
oretical treatment of the observed phenomena is out of the
scope of this work.
A first approach to describe the observed lifetime varia-
tions is given by the Stern–Volmer law. It is based on a deex-
citation via two channels, a radiative and a non radiative one,
the latter being promoted by the presence of a quencher [34]:
τ0/τ = 1+KSV[X] = 1+ kqτ0[X] . (1)
The Stern–Volmer constant KSV is the product of kq× τ0, kq
being the bimolecular rate constant for the dynamic reaction
of the quencher with the fluorophore, τ0 is the measured life-
time in the absence of quencher and [X] is the concentration
of the quencher. From Eq. (1), an increase in [X] leads to
a decrease in τ .
In chloride media, KSV values were calculated by assum-
ing that the lifetime variations are mainly caused by the
cations (Table 2). Neglecting the effect of Cl− seems reason-
able in a first approach, in view of the small lifetime varia-
tions in HCl as compared to HClO4 (Fig. 5). For τ0 = 111 µs,
the resulting kq values are at least seven orders of magni-
tude below the diffusion limit given by the Smoluchowski
approach (≈ 1010 M−1 s−1). Note that the cation order which
can be inferred from the KSV values does not coincide with
that already presented: the rank of Mg2+ in the sequence is
very different. This is due to the fact that Eq. (1) depends
Table 2. Stern–Volmer dynamic quenching constants, KSV, and outer-
sphere formation constants, Kout, of various electrolytes in aqueous
solutions containing europium cation. T = 25±0.2 ◦C.
Electrolyte log Kout (3σ) KSV (3σ)
10−3 Mol−1 L
HClO4 −1.9(4) 19(2)
NaClO4 −1.8(2) 18(2)
+0.005 M HClO4
HCl −1.3(3) 4.0(3)
NaCl −1.4(3) 2.8(7)
+0.01 M HCl
LiCl −1.3(3) 3.3(4)
+0.2 M HCl
CsCl −1.7(6) a
+0.1 M HCl
MgCl2 −1.3(2) 8(2)
+0.1 M HCl
a: negative value.
upon the concentration, while Fig. 7 depends upon the ionic
strength, for which the+2 charge of Mg2+ is very important.
In perchlorate media, given the very small influence of
the cations (Fig. 6) a KSV value can be obtained by consid-
ering only the effect of ClO4− concentration (Table 2).
However, we would like to discuss several arguments that
indicate the inadequacy of Eq. (1) to describe the results of
the present work:
i) In the case of CsCl, it is clear that the experimental vari-
ations will lead to a negative value of KSV, which is not
physically reasonable, although some publications have
presented negative KSV values [35].
ii) The Stern–Volmer constant KSV depends on the ionic
strength [36, 37]. Considering the high salt concentra-
tions used, deviations from linearity in the plot τ0/τ ver-
sus [X] could therefore be attributed either to this ionic
strength dependence or to an inadequacy of Eq. (1), with-
out any possibility to decide between the two interpreta-
tions.
iii)As stressed above, both cations and anions decrease the
measured lifetimes. Thus, two Stern–Volmer constants
should be introduced for each salt considered, which ren-
ders their determination impossible.
Finally, it has to be stressed that the Stern–Volmer equa-
tion is a phenomenological approach and is not indicative of
any mechanism: it can be successfully applied both for col-
lisional processes or for energy transfers [34]. It is therefore
of little use to the question of inner- versus outer-sphere in-
teractions. Furthermore, its formulation does not explicitly
take into account the water molecules and is thus not adapted
to the question of the hydration number. All these reasons
explain why another approach for the description of the life-
time variations is usually preferred.
An alternative interpretation is to ascribe the lifetime
variations to changes of the Eu(III) first hydration sphere,
following a procedure commonly used by various authors
and first based on the work of Horrocks and co-workers in
solid samples [1]. In the first version of this approach, the
experimental decay rate of an europium-based fluorescent
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probe measured in H2O, λobs, is the the sum of three terms:
λobs = krad+ knrad+ NH2OkH2O ,
where krad is the intrinsic decay rate, and knrad represents
all the deactivation pathways other than energy transfers
through OH vibrations. The deactivation processes occur-
ing through OH vibrations are described in the last term,
where NH2O is the number of water molecules in the first co-
ordination sphere. kH2O is the decay rate due to one water
molecule and can be determined by calibration procedures
on well-characterised samples [1]. The term (krad+knrad) can
be experimentally determined by measuring the decay rate
of the fluorescent probe in D2O, λD2O, which leads to:
NH2O =
(
λobs−λD2O
)
/kH2O . (2)
If this method (referred to in the following as the “exact”
method) is used to determine NH2O as a function of the con-
centration of a ligand [1], two series of measurements are
required, one in D2O and one in H2O. A simplified ver-
sion of this method is usually applied by assuming that
the term λD2O is independent of the ligand concentration,
which means that the ligand does not contribute to the non-
radiative decay of the Eu(III) excited state. Under this as-
sumption, one has:
NH2O = α× τ−1−β . (2bis)
For europium, α = 1.05 ms and β = 0.70 (“simplified”
method).
This method has been extended to the case of electrolytes
added to aqueous solutions of europium [38].
In a first step, the question whether the “exact” or the
“simplified” version of the method should be applied to our
data has to be examined. Experimental lifetime values in
D2O exist in the literature [38] for some of the salts that have
been considered in this work (NaClO4, NaCl and HCl). We
have therefore examined this D2O correction term for these
three series of solutions. It turns out that the τD2O = λ−1D2O
values vary from roughly 2.7 ms (0.01 M) to 4 ms (above
8 M). Thus, although such variations are significant, λD2O is
rather small as compared to λH2O so that the corrected life-
time values are shifted by an almost constant offset which
does not affect the general trend of the data. Finally, con-
sidering the “simplified” method (Eq. (2bis)), the value of
112±1µs obtained in the present work at low salt concen-
tration corresponds to 8.7± 0.1 water molecules, in good
agreement with values obtained by other techniques [39, 40].
This had to be expected since a value of 110µs and a hydra-
tion number of 8.5 are used to calibrate Eq. (2bis) [38].
Whatever the method used (exact or simplified), the data
in Figs. 5–7 (except CsCl) yield an increase of the hydra-
tion number as a function of the salt concentration (see
Eq. (2bis)) which appears surprising. As a qualitative ex-
planation of such a behaviour, Lis and Choppin suggested
an essentially constant primary hydration number with in-
creasing quenching as a function of salt concentration. The
increase would be due to stronger interactions of the Eu(III)
ion with the OH oscillators already present in the inner co-
ordination sphere [38]. This stronger metal-water interaction
in the primary sphere would result from a diminution of the
secondary hydration sphere caused by the increasing con-
centration of ions.
This interpretation, however, appears problematic for two
reasons:
i) it is not in line with the physical concept of Eq. (2) which
is based on a quenching contribution of each of the O−H
oscillators independent of all others and limited to the
first hydration sphere.
ii) The interpretation should be consistent with experimen-
tal results on the solvation and water structure in concen-
trated solutions of the various salts. For example, in KCl
and NaCl concentrated aqueous solutions the number of
water molecules associated to an ion pair is 5.0±0.4.
For CsCl, however, the number of water molecules as-
sociated to an ion pair is 2.8±0.4 [41]. The respective
value should be equal to ∼ 6 for LiCl concentrated so-
lutions, one water molecule being shared between two
Cl− ions [42]. From these experimental results and ac-
cording to refs. [1, 38], the fluorescence lifetime should
vary in the same way for all salts, with a less pronounced
variation for CsCl as compared to NaCl and KCl. There-
fore, it is difficult to understand why a smaller number
of water association would lead to an opposite trend be-
tween NaCl and CsCl for the lifetime variations. Thus,
the determination of the first hydration sphere through
the use of Eq. (2) for data of the present type appears
doubtful.
In fact, the description of the lifetime variations through
Eqs. (1) or (2) seems unrealistic. The problem is obvi-
ously multiparametric in nature: by addition of salts, many
physico-chemical properties of the system are modified,
such as viscosity, density, dielectric constant, refractive in-
dex, conductivity, ion mobility, etc. Most likely a plot of
any of these parameters as a function of the ionic strength
will lead to smooth variations, similar to those found for the
lifetime variations. None of these parameters can be consid-
ered as a “good” parameter in the sense that it might provide
a real physical correlation.
We thus propose that the lifetime values should be
regarded together with the emission and excitation spec-
tra, in order to gain insight into the behaviour of ions in
solution.
Qualitatively speaking, the significant changes observed
in the measured excitation and emission spectra in chlo-
ride media (Figs. 1, 3) are tentatively ascribed to an outer-
sphere complexation process. This is in line with some of the
experimental results discussed above for the chloride me-
dia [29]. On a quantitative basis, assuming that the fluores-
cence process is determined by outer-sphere complexation,
equilibrium constants Kout were derived from the emission
spectra (also for ClO4−) and are summarised in Table 2. Note
that the derived values are not thermodynamic ones, due to
large changes in the total ionic strength of the solutions. The
rather small values obtained for the chloride media are in
good agreement with those published previously for slightly
different temperature and ionic strengths [31]. It can be seen
from Table 2 that the cation does not strongly influence Kout
in chloride media. Several methods for estimating Kout are
known, based on theoretical expressions, such as the Fuoss
approach [43]. In the case of an interaction between a (+3)
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charge and a (−1) charge, the theory leads to larger Kout
values than those obtained in this work, which rules out the
possibility of inner-sphere complexation.
The Kout values for Cl− and ClO4− differ slightly but are
nevertheless of the same order of magnitude, which would
pledge for the above assumption of an outer-sphere com-
plexation process in perchlorate media as well, and would
be also sustained by the small changes in the excitation and
emission spectra (see Figs. 2 and 4).
Regarding lifetime variations, it seems that outer-sphere
complexation is not the main cause. In particular, the life-
time variation appears more sensitive to perchlorate ions
as compared to chloride ions, and are sensitive to the na-
ture of the cations. The measured luminescence lifetime and
its variation reflect a non-radiative deexcitation mechanism.
It is most probably based on the vibrational energy trans-
fers to high-energy vibrations of solvent molecules of the
bulk. Note that in D2O, the τ−1 variations as a function of
the added salt concentration are not flat [38]: even in D2O,
adding electrolytes has an impact on the measured lifetimes
(or decay rates), which obviously cannot be related to the
presence of OH bounds. This implies that ionic interactions
play a role, and that the nature of the solvent has to be con-
sidered as well. From the present experimental results, it is
clear that both anions (Fig. 5) and cations (Fig. 7) have an
impact onto the measured lifetimes. In this sense, lifetime
measurements provide global information on various inter-
actions occurring in the solution, both on long and short
distances [44].
In order to further improve the understanding of the phe-
nomenon a theoretical study seems necessary. It could be
based on the Förster formalism [45] but is out of the scope
of this work.
Conclusion
Luminescence excitation spectroscopy of the 7F0 → 5D0
transition in Eu(III) is valuable for the characterisation of
the Eu(III) environment. Our study reveals that lumines-
cence lifetime measurements in aqueous solutions cannot
be properly described neither by the hydration sphere phe-
nomenological approach nor by a Stern–Volmer relation-
ship. The complex trend observed for the Eu(III) lifetime
as a function of the concentration of various anions and
cations is likely due to long-range interactions between
the excited ion and vibrational degrees of freedom of sol-
vent molecules, in addition to an outer-sphere complexa-
tion with the anions, which affects excitation and emission
spectra.
Our experimental results highlight the complexity of the
various phenomena, especially the solvent effects, which
govern the overall lifetime values. Additional experimental
as well as theoretical work is needed which should go be-
yond the simple phenomenological approach examined in
this work to describe long-range interactions.
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